Introduction: Assessment of outcomes after face transplantation (FT) is necessary to provide sound
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Emotient (iMotions, Inc., Boston, MA) uses this information to precisely assess facial movements and emotions, both qualitatively and quantitatively (McDuff, Kaliouby, & Picard, 2012) . Emotient is well established in the field of neuro-marketing, but there have been no attempts yet to use it to follow facial recovery after FT.
We hypothesized that software-based video analyses can provide a fast, simple, objective, and worldwide applicable tool to assess and compare functional deficits before and after recovery from FT using conventional camera equipment and computer hardware. The aim of this study was to prove the feasibility of software-based video analysis of facial movements and functions before and after FT.
| PATIENTS AND METHODS

| Patients
Seven patients received facial allografts at our institution, 4 full and 3 partial ( 
| Software based video analysis
Videos were acquired using a commercially available camera (Canon EOS 600D, Tokyo, Japan) and tripod every 3 months the 1st year after transplantation then every 6 months thereafter. We were able to assess facial movements and expressions before transplantation in 2 patients (patients 5 and 7). The software Emotient from iMotions was utilized to analyze these videos. This software uses the facial action coding system (FACS), which defines specific facial units, called action units (AU) (Figure 1 ), and track their alterations from a neutral baseline during movements and expressions (Bersani, Bersani, Valeriani, & Robiony, 2012; Hamma, Kohlerb, & Gurb, 2011) . Emotient is able to detect the subject's face automatically by applying the Viola Jones Cascaded Classifier algorithm (Dabhi & Pancholi, 2013) FIGURE 1 Sample illustration of action units described by the facial action coding system which represents the probabilistic odds in logarithmic scale (base 10) of a target AU being present. For instance, if AU12 has an evidence score of +2 (10 2 = 100), the image is 100 times more likely to be categorized by an expert human coder as AU12 than as not AU12. This human coder would code activity by seeing the subject's mouth corners are pulled upwards, whereas Emotient software computes a vertical difference between mouth corners and mouth center (iMotions., 2016) . In healthy individuals, spontaneous (non-intentional) facial expressions usually reach an evidence score of +2 and higher.
Patients were recorded while being asked to follow commands selected based on the facial muscles required to perform them; each command corresponds to an AU (Table 2) Although mean evidence scores of AUs 9, 12, 18, and 26 were calculated for all 7 patients, we were able to calculate AU 1, 4, and 7 only from 4 full face transplant recipients. These involved the upper face, which was not transplanted in partial facial allografts. We compared facial movements and expressions to both pre-transplant status and the healthy population.
| Statistical analysis
For statistical analysis, the mean values and corresponding standard deviations of the different evidence scores of each AU were calculated for the time point before the operation as well as at 3, 6, 9, 12, 18, 24, 30, 36, 42, 48 , and 54 months postoperative. Differences between the different time points were assessed using 1-way analysis of variance as well as the Holm-Sidak's multiple comparisons test.
P values were considered statistical significant at P < .05.
| RESULTS
Mean follow-up was 2.6 years (range 1-3.5 years) after FT. In total, 48 videos were analyzed with average duration of 1 min and 12 s (range 55 s to 1 min 25 s). Software-based video analysis required about 1 min per video.
FIGURE 2 Graphs of analyzed action units (AU) 9, 12, 18, and 26, in all face transplant recipients (n = 7). x-Axis: time after transplantation, y-axis: evidence score. Black bars: compared to pre-transplant; yellow area: compared to healthy population; *Statistically significant compared to pre transplant; (a) statistically significant compared to 3 months after transplantation; (b) statistically significant compared to 9 months after transplantation; (c) statistically significant compared to 1 year after transplantation; (d) statistically significant compared to 1.5 years after transplantation
Compared to pre-transplant values, AUs of the lower face (AU9, AU12, and AU26) had significantly higher evidence scores at 6 months, 1 year, and 3 months after FT, respectively. AU18 scores were elevated 6 months post-FT when compared with pre-transplant; however, the difference was not statistically significant ( 
| DISCUSSION
In this study, we demonstrate that the recovery of facial functions that occurs after FT can be measured fast, non-invasively, and objectively. Compared to pre-transplant, we detected significant Statistically significant compared to 1.5 years after transplantation improvements in lower face movements as early as 3 months after transplantation using this methodology. Remarkably, mouth opening in face transplant recipients was comparable to that of the healthy population at this early time point. In contrast, although upper face movements showed a continuous trend toward enhancement over the study period, we did not detect significant differences when compared with pre-transplant values. The tendency toward improved function was detectable even in the not-transplanted upper facial units of partial face transplant recipients. Of note, the videos used in this study were acquired using conventional camera equipment, and analyses were performed retrospectively with a commercially available software application, making the presented assessment tool widely applicable and reproducible. Graphs of analyzed action units (AU) 1, 4, and 7 (upper face units), in partial face transplant recipients (n = 3). x-Axis: time after transplantation, y-axis: evidence score. Black bars: compared to pre-transplant; yellow area: compared to healthy population; *Statistically significant compared to pre transplant (Letter et al., 2017) . The authors found early signs of re-myelinisation in EMG while clinical improvement was delayed and thus muscle function did not directly correlate with EMG measurements. Although EMG is a reproducible method to assess muscle re-innervation, results do not obligatorily correlate to the actual movement of the muscle, but rather with the ability to transmit an action potential without actual muscle contracture (Volk, Leier, & Guntinas-Lichius, 2015) . Furthermore, painstaking placement of several electrodes is necessary, further limiting its applicability. In our own group, we have previously utilized a muscle function score, which is manually assessed by defining 5 grades of muscle action and a functional disability index, which is calculated for physical function and social well-being both related to the regained ability of facial function .
Using this method, we observed improvement in all patients; however, our measurements were biased by subjectivity, since blinded assessment was not feasible. Furthermore, using only 5 grades of muscle action can be imprecise, and the procedure was very time-consuming and exhausting for the subjects. The same hurdles applied to the assessment of recovery of facial expression of emotions. Outcome reports from our own group and most of other face transplant teams FIGURE 5 Graphs of analyzed action units (AU) 9, 12, 18, and 26 (lower face units) in all partial face transplant recipients (n = 3). x-Axis: time after transplantation, y-axis: evidence score. Black bars: compared to pre-transplant; yellow area: compared to healthy population; *Statistically significant compared to pre transplant worldwide narrowed this unique facial function down to the ability to smile . Smiling was often just defined as present 2015; Kueckelhaus, Imanzadeh, et al., 2015) . With regards to chronic rejection in VCA, our ability to detect is further impaired by the lack of markers or even as
established definition for what is chronic rejection (Kanitakis, Petruzzo, Badet, et al., 2016; Kueckelhaus et al., 2016) . However, in two faces and one hand transplant, graft malfunction was reported and most likely attributed to chronic rejection Morelon et al., 2017) .
Therefore, an objective and reliable real-time assessment tool, such as the software application presented in this study, could become a novel non-invasive method for allograft monitoring. It is undoubtable that the most favorable quality of VCA compared to SOT is the exposure of the skin component, whose macroscopic alterations can indicate internal complications. Instead of searching for histopathological or serological markers, acute rejection episodes could be easily detected by a quick look into the camera of a computer, tablet or smartphone. Subsequently, by performing a short sequence of facial movements, like the sequence defined in this study, the very same software could detect minimal alterations in graft function and thus indicate early phases of chronic rejection.
We did observe a decrease in evidence scores of the ability to smile and purse lips starting at 2.5 and 3 years, respectively; however, this was not statistically significant. The observed decrease in facial function could either indicate a very early phase of chronic rejection or just the natural loss of interest and motivation from the patient to participate in painstaking and frequent follow-up examinations.
Patient compliance is certainly a limitation to the proposed method.
However, it would be possible to install an application that applies our methodology in any personal computer, tablet or smartphone of the face transplant recipient. This would make follow-up examinations more convenient and even facilitate unperceived screening to more quickly detect rejection and changes in function.
| CONCLUSION
Software-based video analysis is suitable for non-invasive, fast and easy assessment of facial movements and functions after FT. This objective method can overcome the lack in standardized outcome evaluations after FT thus increasing evidence about this life-giving surgery.
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